The longitudinal polarization of the b baryon is measured at the LEP e + e collider by DELPHI. It is determined from the charged lepton and neutrino energy spectra in 24919 b semileptonic decays reconstructed in 3.5 million hadronic Z 0 decays using 0 -lepton correlations. The measured polarization is: P b = 0:49 +0:32 0:30 (stat:) 0:17(syst:)
Introduction
A measurement of the b baryon polarization at the LEP e + e collider is presented using the hadronic Z 0 decays collected by DELPHI in the years 1992{1995. Semileptonic b decays are reconstructed inclusively looking for the 0 lX nal states. A large longitudinal polarization of the b is a direct consequence of the polarization of primary b quark coming from a Z 0 decay. The polarization of fermions produced in the reaction e + e ! Z 0 ! f f is precisely predicted in the framework of the SM (Standard Model). In the case of unpolarized e + e beams the average longitudinal polarization of a b quark is predicted to be [1,2]: hP b i ' 0 : 94 (1) Neither gluon nor photon radiation from the nal state are predicted to degrade this high polarization signicantly. One-loop QCD mass eects reduce it by an amount of 3% only [3, 4] . The rst possibility of altering the primary b quark spin state arises during (and after) hadronization.
In the Heavy Quark Eective Theory approximation (HQET) [5] the spin degrees of freedom of a heavy quark are decoupled from a spin-zero light diquark. Therefore in the heavy quark limit a b quark hadronizing directly to a b should pass its complete initial polarization to the baryon and then conserve it throughout the whole b lifetime.
However, b quark fragmentation into b and b states which subsequently decay strongly into a b + can lead to a substantial depolarization of the heavy quark if the two ( ) b states live long enough to form distinct narrow resonances. A detailed discussion of dierent scenarios of the indirect hadronization is given in [6, 7] . Figure 1 shows the prediction for the eective b polarization as a function of the fraction of b 's produced indirectly through b and b states (f b ). The prediction takes into account all possible spin alignments of the light diquark in hadronization into () b . T w o boundaries w 1 = 0 and w 1 = 2 = 3 correspond to the spin alignment suppression (strongest depolarization) and isotropic spin distribution respectively. Y et, there is no strong experimental evidence for the () b production. However, motivated by the measurements in the strange sector we expect them to be produced copiously [8, 9] . The JETSET [10] event generator default parameters lead to about 30% of b 's being produced indirectly in the decays of () b baryons. This corresponds to the eective b polarization in the range 0:67 P effective 0 : 75. In the Born approximation of the free quark semileptonic decay b ! c + l + the matrix element exhibits a factorisation of the spin direction component [11,12]: j Mj 2 = j M unpol j 2 (1 + Pcos) (2) where P denotes the b polarization and is the angle between the neutrino threemomentum and the spin quantization axis in the b rest frame. j M unpol j 2 is the decay matrix element of the unpolarized b. QCD correction terms violate the factorisation (2) only at the percent level [11{13] . Being very small compared to the present experimental accuracy they were considered negligible. It can be also argued that when going to real heavy baryon decays, the dynamics of the reaction b ! + c l remains identical with the free quark case discussed above [14] . This approximation is derived from the leading order of the HQET and the remaining mass corrections are negligibly small [15, 16] .
The b quarks are produced with polarization opposite to that of the b quarks ( b has positive polarization). However from the CP invariance of the weak decay b ! + c l the nal dierential distributions of the charged lepton and neutrino look the same after the charge conjugation operation. Consequently, both b and b semileptonic decays lead to the same momentum distributions of the decay products. Hereafter, the antiparticles are always implied.
The paper is organised as follows. The experimental method is explained in section 2. Section 3 briey describes the DELPHI spectrometer. Section 4 contains a description of the analysis procedure: the b signal selection (4.1,4.2,4.3), the possible background sources (4.4) and the reconstruction of the neutrino energy which carries most sensitivity to the b polarization (4.5). The results of the measurement and a discussion of the systematic uncertainties are presented in section 5. This section also presents the result of the analogous polarization measurement performed on B mesons, serving as a consistency check of the analysis. The conclusions are given in section 6.
2 Principles of the measurement b polarization is studied in its semileptonic decays with a 0 reconstructed in the nal state. These decays have the following properties: the lepton is highly energetic and has high transverse momentum relative to the jet axis and the 0 has a harder momentum spectrum than the 0 baryons produced from fragmentation. Moreover, 0 l pairs originating from a b baryon cascade have a w ell dened correlation between the lepton charge and the 0 baryonic number. For brevity it will be called charge correlation. The b baryon signal is uniquely related to 0 l (or 0 l + ) correlations, hereafter called right-sign (R.S.). 0 l + (or 0 l ) correlations, hereafter called wrong-sign (W.S.), have a purely background origin. As will be shown in section 4.4, the great majority of background events have n o p h ysically preferred charge correlation and therefore are equally distributed among the two classes. Hence, the excess of right-sign events over wrong-sign ones is attributed to the semileptonic decays of the b baryon.
Neither the b four-momentum nor the neutrino four-momentum can be fully reconstructed in the experiment. However, b baryons produced at LEP are highly boosted in the laboratory frame. In such a case the forward-backward asymmetry of a decay product can be directly expressed in terms of a shift in the average value of its energy. The charged lepton also carries a residual sensitivity to the b polarization. It is not explicit in formula (2) but arises as a reection of the neutrino dependence from the four-momentum conservation. It follows that the average energies of the charged lepton, hE l i, and the neutrino, hE i, are respectively anti-correlated and correlated with the polarization. Hence, the quantity dened as:
is highly sensitive t o b polarization and is explicitly independent of fragmentation uncertainties [17] . In reality the observed energy spectra undergo several deformations because of detector response and selection cuts. To correct for these eects the variable y obtained from the data was normalised to the one extracted from a sample of unpolarized simulated events. Therefore, the nal variable is dened:
Plots in Fig. 2 show the actual experimental response of polarization observables to the b polarization after the entire reconstruction as obtained from the background-free simulation described in section 4. Plots (a) and (b) were tted with linear functions, as expected from the theory. Because of the constraint ( f (0) = 1) there was only one free parameter in each t. The curve in Fig. 2c representing the ratio of (a) and (b) resulted from a t to the y=y P=0 points with the function f(x) = P 1 x P 1 + P 2 x . This calibration curve will be used to extract the polarization of b after determining the value of R y from data.
Other polarization observables proposed in [18] ( y 2 = hE 2 l i hE 2 i and y 3 = D E E l E ) w ere also investigated. No improvement in the sensitivity to polarization was observed. None of these discriminating variables is a priori guaranteed to be well reproduced in the simulation and hence they can be a potential source of systematic uncertainty. Only systematics related to the chosen y variable were studied in detail. In addition to all systematic uncertainties present already in y, the y 2 variable exhibits dependence on the energy spectra widths and y 3 is sensitive t o e v ent-by-event lepton neutrino correlations.
All proposed approaches require a good knowledge of the escaping neutrino energy E . In the LEP environment such a determination is achievable using the hemisphere missing energy method described in detail in section 4.5.
Polarization of the 0 from the cascade although experimentally accessible does not have a direct simple connection to the b polarization. Correlation between the two polarizations depends strongly on the c decay c hannel as well as on the possible existence of heavier baryonic resonances in the decay cascade. Therefore, information coming from the 0 polarization was not used in this measurement. 3 The DELPHI spectrometer A complete description of the DELPHI spectrometer and its performance can be found in [19] and [20] . In this section only the characteristics most relevant for this analysis are summarised.
The detector elements used for tracking were the Vertex Detector (VD), the Inner Detector (ID), the Time Projection Chamber (TPC) and the Outer Detector (OD). In this central region, a highly uniform magnetic eld of 1.23 T parallel to the e + e beam direction was provided by the superconducting solenoid. Charged particle tracks were reconstructed with a precision p =p < 2:0 10 3 p (p in GeV/c) in the polar angle region 25 < < 155 . In the forward region there were two additional tracking devices: Forward Chamb e r s A ( F CA) and Forward Chambers B (FCB). The sensitive area of these drift chambers covered polar angles 11 36 and 144 169 .
Calorimeters detected photons and neutral hadrons by the total absorption of their energy. Electromagnetic calorimeters served also as the main devices for electron identication (see section 4.1). The electromagnetic calorimetry system of DEL-PHI was composed of a barrel calorimeter, the HPC, covering the polar angle region 46 < < 134 , and forward calorimeters, the FEMC, for polar angles 8 < < 35 and 145 < < 172 . The relative precision on the measured energy E was parametrised as E =E = 0 : 32= p E 0:043 (E in GeV) in the barrel, and E =E = 0 : 12= p E 0:03 (E in GeV) in the forward region. The hadron calorimeter, HCAL, was installed in the return yoke of the DELPHI solenoid. In the barrel region, the energy was reconstructed with a precision of E =E = 1 : 12= p E 0:21 (E in GeV).
Muon identication was provided by the muon chambers. In the barrel region they consisted of three layers covering the polar angle regions 53 < < 88:5 and 91:5 < < 127 . The rst layer contained three planes of chambers and was inside the return yoke of the magnet after 90 cm of iron, while the other two, with two c hamber planes each, were mounted outside the yoke behind a further 20 cm of iron. In the endcaps there were two l a y ers of muon chambers mounted one outside and one just inside the return yoke of the magnet. Each consisted of two planes of active c hambers covering the polar angle regions 20 < < 42 and 138 < < 160 where the charged particle tracking was ecient.
Analysis procedure
The analysis was based on 3.510 6 hadronic Z 0 decays collected by the DELPHI detector in the 1992 to 1995 data-taking periods. A large sample of background-free b ! b simulated events was used to determine the calibration curve of Fig. 2c and to evaluate the reference value y MC of the quantity y (see formulae (3) and (4)). From this sample over 2,000 candidates for the cascade decay b ! l 0 X remain after the whole reconstruction and the complete analysis selection. To cross-check the signal selection and result extraction, a sample of 5.510 6 simulated hadronic Z 0 events (unbiased) w as used. In both cases events were generated using the JETSET [10] generator with parton shower option and the DELPHI tuning [21] . The b semileptonic decays were generated explicitely unpolarized and without QCD corrections, i.e. according to:
j Mj 2 = ( cl)(b). The b polarization in the background-free signal sample was then simulated by reweighting events according to the approximation of equation (2).
Lepton identication
Lepton identication in the DELPHI detector was based on the electromagnetic calorimeters (for electrons) and the muon chambers (for muons). Therefore, the angular coverage of the identication was limited by the acceptance of the above devices (see section 3). Only particles with momentum larger than 3 GeV/c were considered as possible lepton candidates.
The 2 of the match b e t w een the track extrapolation to the muon chambers and the observed hits gave the probability of the lepton candidate being a muon. With the selections applied, inside the angular acceptance of the muon chambers the muon identication eciency was (951)% and the hadron misidentication probability ( 1 : 5 0 : 1)%.
The probability of a lepton candidate being an electron was calculated using a comparison between its momentum reconstructed in the tracking devices and the energy of associated electromagnetic shower reconstructed in the HPC or FEMC. In the HPC a t to the longitudinal prole of the electromagnetic shower was performed as well. An independent dE=dX measurement in the TPC leads to additional e separation. With the selections applied and inside the angular acceptance of the HPC and FEMC, the electron identication eciency was found to be (55 1)% and the hadron misidentication probability 0 : 4%.
Lepton candidates selected using the identication tools described above had to satisfy further quality requirements: track length > 30 cm, relative error on momentum < 25%, impact parameter to the interaction point < 4 cm in the plane transverse to the beam and < 10 cm in the beam direction. In addition, electron candidates were rejected in cases where they matched the photon conversion hypothesis tagged by a successful vertex t with an oppositely charged electron candidate giving an invariant mass below 20 MeV/c 2 .
4.2 0 reconstruction 0 candidates were reconstructed in the channel 0 ! p . The reconstruction of the V 0 vertex and selection cuts are described in detail in reference [20] . The 0 ! p reconstruction eciency depended strongly on the 0 momentum, and varied between 35% and 10%.
In the analysis presented here only 0 candidates with p > 5 GeV/c were selected. This requirement suppresses the large background due to low energy 0 's from fragmentation. To extract the signal of the b baryons, 0 candidates with an invariant mass of the p system within two standard deviations from the nominal 0 mass were used. The 0 decay product with the higher momentum was assumed to be the proton. Its charge determined the 0 baryon number.
b signal selection
All events had to satisfy the selection criteria dening hadronic events from Z 0 decays, requiring a charged multiplicity greater than four and a total energy of charged particles greater than 0.12 p s, where p s was the centre-of-mass energy and all particles were assumed to be pions; charged particles were required to have a momentum greater than 0.4 GeV/c and a polar angle between 20 and 160 . The overall trigger and selection eciency was over 95%. The background, mainly from + pairs with a smaller contribution from collisions, was below 0.7% [20] . Additionally, e v ents were dropped when the central tracking detectors (in particular TPC) and both electromagnetic and hadronic calorimeters were not fully operational. In total 3,498,225 events were selected for analysis.
Events were subdivided into two hemispheres by a plane perpendicular to the thrust axis and containing the interaction point. Each e v ent w as required to have the thrust axis more than 30 from the beam directions since for the missing energy measurement it was essential to have e v ents well contained in the detector ducial volume where the reconstruction eciency is high and well controlled. In order to suppress events with hard gluon radiation the calculated thrust value was required to exceed 0.75. The total visible energy in an event had to be between 30 GeV and 130 GeV.
Events with the combination of a charged lepton and a 0 in the same hemisphere were searched for. The initial sample of 0 l pairs still contained a large fraction of background events mainly due to 0 baryons from fragmentation and from non-b events. To reduce this background the following kinematic selections were applied:
The transverse momentum of the lepton to the nearest particle jet , p T , w as required to be greater than 0.8 GeV/c. The LUCLUS jet nding algorithm [10] was used with d join = 2 : 5 GeV and excluding the lepton from the jet.
The invariant mass of the and the lepton had to lie in the range 2.1 to 4.5 GeV/c 2 . The momentum of the l system had to exceed 11.0 GeV/c. The angle between the lepton momentum direction and the momentum direction could not be larger than 90 .
The angle between the momentum of the l system and the thrust direction was required to be smaller than 45 . The rst selection enriches the sample in leptons from semileptonic b decays. The next two cuts suppress contribution from c semileptonic decays and accidental combinations. The last two selections are fairly loose and mainly guard against accidental combinations where either the lepton or the 0 belongs to a distinct hard gluon jet.
An algorithm to tag b quark decays was also applied. This is based on the long b hadron lifetimes and uses the large track impact parameters of the decay products [20] . The output from the b tagging algorithm is expressed in terms of the probability that all charged particle tracks originate from a common primary vertex. b events have their probabilities strongly peaked at zero while light quark ones have probabilities uniformly distributed from zero to one. The cut P b T A G <0.05 was applied to the selected event sample. This cut suppresses 50% of the background but only about 15% of the signal which corresponds to a drop of the background fraction from 56% to 41% . Most of the remaining background comes from B events.
The overall eciency to reconstruct the decay 0 b ! l l 0 X (where all decay modes for the 0 were assumed) was found to be 0.030 0.001 in the simulation. However, the actual knowledge of this eciency is not needed for the polarization measurement. Only the signal purity w as used and was measured using the data, as will be shown later.
The reconstructed 0 mass distributions for right-sign and wrong-sign 0 l charge correlations observed in the data after the b-tagging cut are shown in Fig. 3 
Background estimation and subtraction
To extract the average charged lepton and neutrino energies for the b signal, both the background fraction and the corresponding charged lepton and neutrino average energies in the right-sign sample background have t o b e k n o wn. In the following it will be shown that the background contained in the right-sign sample is to a good approximation mimicked by the wrong-sign sample. The study uses the simulated hadronic Z 0 events described in section 4 on which the complete b signal selection was performed. The composition of the right-sign and the wrong-sign samples after normalizing to the luminosity of the real data is summarised in Table 1. The table also gives the total number of events in the two sign combinations reconstructed in the data. The b production rate is overestimated in the Monte Carlo. However, the amount of background is compatible in the two samples.
All background gives a small contribution (about 3%), but since it is characterised by exceptionally high missing energy (low y values) it can lead to a perceptible systematic shift. The high missing energy comes from the fact that there are three escaping neutrinos in the process. Table 1 shows that the majority of the background comes from B mesons. Most of it is from accidental combinations which are not biased towards either sign combination. However, in the meson sample there are possible sources of biases between right-sign and wrong-sign samples. From a more extensive study using the JETSET [10] Monte Carlo event generator we nd a systematic tendency towards 10% excess in the right-sign sample. Due to baryon number conservation, baryons are always produced in pairs in the fragmentation. The string fragmentation model used in the simulation has the eect that the more energetic baryon from fragmentation most likely contains the anti-partner of the light quark building the B meson. Therefore, requiring the 0 momentum to be greater than 5.0 GeV/c favours pairs of the type: ( B = b q) + (0 q 00 = baryon) which contribute to the right-sign sample. The level of induced asymmetry depends on the details of the fragmentation and will be considered as a source of systematic uncertainty. Semileptonic B decays, such a s B ! c Nl X(where N is an antibaryon) could also give rise to an excess of right-sign combinations. The actual branching fraction for such processes is yet not measured but from the available limits the contribution of this background has been estimated to be negligible [23] .
Background originating from c quark jets apart from accidental combinations contains 0 l + pairs from the process c-baryon ! l + 0 X which contribute to the wrong-sign sample. Their contribution is highly suppressed by cuts on the lepton p T and mass of 0 l system and by the b-tagging. The contribution from this background is smaller than 2%. Finally, the last class contains 0 l pairs reconstructed in the u, d, s or gluon jets. These combinations are purely accidental and hence are symmetrical in the sign combination.
Average energies of the charged lepton and the neutrino as well as the resulting y values in right-sign and wrong-sign background samples from simulation and in the wrong-sign data sample are given in Table 2 . The values are in good agreement but possible biases arising from the particular physics processes discussed above will contribute to the systematic error. Since the right-sign background behaviour is well reproduced by the wrong-sign sample it is possible to extract the average charged lepton energy and the average neutrino energy originating from the b semileptonic decay using the following background subtraction: 
MC background

Neutrino energy reconstruction
The neutrino energy (E ) is not directly measurable in the experiment. It was approximated by the missing energy (E miss ) in the hemisphere containing the 0 l system ( b hemisphere): 2 2 p s (6) where E vis is the sum of all charged particle energies and neutral calorimeter energy deposits in the b hemisphere. E T O T is the total energy available in the b hemisphere. The lower equation results directly from four-momentum conservation applied to the entire event. M b and M oppo are the b hemisphere invariant mass and the opposite hemisphere invariant mass respectively. p s denotes the total energy in the center-of-mass of the colliding e + e . Individual energy deposits in both electromagnetic calorimeters (HPC or FEMC) and hadronic calorimeters (HCAL) are clustered according to the spatial resolution of the given calorimeter to form bigger deposits which are likely to come from single particle showers. Then a matching between reconstructed charged particle tracks and the calorimeter showers is performed. The deposits not associated to any c harged particle track are assumed to originate from a neutral particle cascade. Together with all reconstructed charged particle tracks they contribute to the total visible energy E vis and to the computation of the hemisphere masses M i vis (i: b ,oppo). For the reconstruction of hemisphere masses the formula M i = M i vis p s 2E vis was found to be the best approximation. The correction accounts for both detector eects and for the missing neutrino.
The resolution of the neutrino energy reconstruction (E rec E gen ) obtained from the simulation is shown in Fig. 4 . The two distributions correspond to contributions from purely hadronic c decays and semileptonic c decays. In the latter case there is an additional neutrino from the c decay escaping from the apparatus. The BR(c! 0 X) found in the simulation was assumed. The uncertainty on this ratio was taken into account in the systematic error. The possibility of tagging double semileptonic decays by looking for another lepton (of the opposite sign) in the b hemisphere was investigated. It was found, however, to be ineective due to the low a v erage energy of the charged lepton from c decay. The decays giving most distortion of the missing energy spectrum have large neutrino energies and low lepton momenta where DELPHI has poor identication ability. The stability of neutrino energy reconstruction versus b polarization was checked in the simulation as well. No systematic dependence was observed.
The data/simulation agreement on the missing energy was checked using dierent event samples within the hadronic event selection described at the beginning of section 4.3.
The total visible event energy comparison exhibits very good agreement b e t w een data and simulation. The average values agree to a few parts in a thousand. Such a comparison, however, is inclusive and moreover cannot reveal possible distortions from the hemisphere separation. Therefore, a nal cross-check w as done on an inclusive sample of b-hadron semileptonic decays.
The sample was selected requiring an identied energetic lepton (p > 3 : 0 GeV/c) with a high p T (p T > 1:0 GeV) contained in a b-tagged event ( P b T A G <0:01 corresponding to b purity o f 85%). Since 90% of b's hadronize into mesons the inclusive sample should not retain any detectable polarization. Plots 5a{d show the comparison of the charged lepton and of the hemisphere missing energy, E miss , spectra reconstructed in data and in the simulation. Plots in the left column correspond to the muon subsample and in the right column to the electron subsample. Both charged lepton spectra and the E miss spectra show good agreement b e t w een data and simulation. In addition, plots 5e and 5f show spectra of visible energy in the hemisphere opposite to the reconstructed lepton when this hemisphere did not have a n y identied leptons with p > 3 : 0 GeV/c. The detailed numerical results of the whole cross-check are summarised in Table 3. The table  contains four quantities extracted for each sample: 1. the average energy of the charged lepton ( or e), 2. the average missing energy in the lepton hemisphere obtained using the same algorithm as for the E reconstruction, 3. the ratio of the above t w o mean values which is the observable directly sensitive t o polarization, 4. the average energy of the opposite hemisphere; events that have identied leptons with p > 3 : 0 GeV/c in the opposite hemisphere are excluded.
Data/simulation discrepancies in both lepton and neutrino mean energies and in the resulting y value are within one standard deviation of their statistical uncertainty. Therefore, taking a conservative v alue of 2 it can be assumed that the systematic error on hE i does not exceed 220 MeV. The results obtained for the background-free reference b simulation, the simulated unbiasedevents and the data are summarised in Table 4 . The R y and polarization P for the background-free b simulation sample are by denition equal to one and zero respectively. The whole analysis applied to the simulation of the unbiasedevents gives a result which is compatible with zero and within their errors the observables are in good agreement with the ones obtained from the background-free reference simulation. This result additionally conrms the validity of assumptions about the background behaviour and its subtraction done in section 4.4. The last column of Table 4 gives relevant results extracted from the data. Fig. 6 shows the charged lepton and neutrino energy spectra for both right-sign and wrong-sign samples and for the b signal obtained from the subtraction. The statistical error on hE i is not much w orse than on hE l i because, although the resolution on an individual measurement o f E is poorer, the errors on the averages are dominated by the width of the distributions. The result reads: R y = y data y MC = 1 : 21 +0:16 0:14 (stat:):
The polarization is extracted from this value of R y using the calibration curve from Fig. 2c . Since the correlation between R y and P b is not linear the error on the latter becomes asymmetric. The b polarization is found to be: P b = 0:49 +0:32 0:30 (stat:): (8) The systematic error estimation is described in the following section.
Systematic uncertainties
The individual contributions to the total systematic uncertainty, summarised in Ta As mentioned in section 4.5, there is a large oset in the reconstructed neutrino energy when the c decays semileptonically. Therefore, the result obviously depends on the semileptonic branching fraction of c , R sl = BR(c!l 0 X) BR(c! 0 X) . Most of the uncertainty o n this number is due to the poorly measured BR( c ! 0 X) which is estimated to be (35 11)% [24] . Taking the PDG value for the BR( c ! l 0 X) leads to R sl = ( 9 +5 4 )%.
Assuming that the process c ! l 0 X dominates the c semileptonic decays and the CLEO result for BR( c ! e + X) = ( 3 : 4 0 : 4)% [25] , an estimate of the upper limit on R sl (19 +8 5 )% is obtained. To account for this large uncertainty R sl was allowed to vary by 8% around the 14% assumed in the simulation. This variation corresponds to a systematic uncertainty on the measured missing energy of 280 MeV leading to an error on R y of +0:060 0:055 . The c polarization aects the average missing energy measurement i n c semileptonic decays because the average energy of the neutrino escaping from c depends on the polarization. Fortunately the dependence is not so strong in this process [11] . Therefore, the expected variation of the average reconstructed neutrino energy for unit change in c polarization does not exceed 50 MeV corresponding to (R y ) = 0 : 010.
As discussed in section 4.5, a systematic discrepancy between data and simulation in the hemisphere energy estimation cannot fake the neutrino energy measurement b y more than 220 MeV yielding (R y ) = +0:047 0:044 .
Residual dierences between the wrong-sign sample and the right-sign background can lead to a shift in the measured b polarization. The shift comes both from a dierent eective y reconstructed in the two samples and their unequal population faking the apparent f bck . P ossible sources of such biases were discussed in section 4.4. To extract the induced nal systematic error they were added incoherently. The summed error on R y does not exceed 0.017. The theoretical error arises mainly from the uncertainty on the value of m c =m b and is small. This uncertainty e n ters the analysis implicitly via the parameters of the Monte Carlo event generator. The value m c =m b = 0 : 27 was used. Variation in the large range between 0.20 and 0.36 corresponds to a systematic error on R y smaller than 0.005 [26] . As mentioned already in the introduction, both QCD perturbative and non-perturbative corrections were neglected being tiny relative to other sources of systematic uncertainties.
All systematic error contributions were added in quadrature resulting in (R y ) = +0:082 0:080 corresponding to the total uncertainty o n P b of 0:17.
Consistency check using B mesons
B 0 mesons being scalar objects do not carry any polarization. The polarization measured on the B 0 sample should be consistent with zero. Therefore, an independent measurement of the B meson polarization can serve as a test of the consistency of the analysis. Next, the D candidates were correlated with high p T leptons found in the same hemisphere. The lepton selection was the same as the one described in section 4.1. A sample of 386 9 B 0 ! D l + l signal candidates was collected.
The whole procedure to extract the polarization was identical with that used in the b analysis. The simulation are summarised in Table 6 . These yield the polarization: P B = 0:08 0:20(stat:) +0:08 0:07 (MCref:);
(9) where the second error is the systematic uncertainty coming only from the limited statistics of the Monte Carlo reference sample. The result is compatible with zero polarization in the B meson sector. Although the statistical signicance of this result is limited it excludes the existence of a severe systematic discrepancy between data and MC in the missing energy estimation and proves the general correctness of the experimental procedure.
Conclusions
The b polarization has been measured using semileptonic decays selected from 3:5 10 6 hadronic Z 0 decays collected with the DELPHI detector between 1992 and 1995.
The b event selection is based on charge correlations in pairs of high p T leptons and 0 baryons found in the same event hemisphere. The nal sample contains 24919 b candidates observed as an excess of right-sign over wrong-sign l pairs.
The polarization is determined from the ratio of the average energies of charged leptons and neutrinos from b decays which is an experimental observable both highly sensitive to polarization and practically free from theoretical uncertainties.
The measured value of b polarization is: 
